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1.0 Introduction 
 This Final Report discusses and summarizes the initial results of the field testing 
and monitoring of the new light pole installed on the Bronx-Whitestone bridge, in New 
York City. 
A prototype light pole was installed adjacent to the prototype orthotropic deck in 
January 2003.  It was previously decided to conduct field instrumentation of both the 
prototype light pole, and an existing double-mast light pole at the median in conjunction 
with the long-term field monitoring being performed concurrently on the orthotropic 
deck.  The new light poles are to be installed on both sides of the bridge.  The existing 
light poles on the median are to be removed.  A photograph of the existing light pole is 
shown in Figure 1.1.  The existing poles are approximately 25 feet in height, and are 
constructed of pipe vertical and horizontal pipe sections. 
A photograph of the prototype luminaire is shown in Figure 1.2.  The pole is a 16-
sided stainless steel section, with an 8 foot radius bend.  The diameter ranges from 10.8 
inches at the bottom to 3.18 inches at the tip.  The wall thickness is constant at 0.109 
inches.  The luminaire is a Citea CTM manufactured by Lumec-Schreder, is located 30 
feet above the roadway,  and cantilevers 9 feet.  According to the manufacturer’s 
literature, the luminaire weights 60 pounds. 
 
 
 
Figure 1.1 – Photograph of existing light poles at the median (view looking south) 
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Figure 1.2 – Photograph of prototype light pole at southbound side of FB 63 
(view looking north) 
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2.0 Instrumentation Plan and Data Acquisition 
The following section describes the instrumentation plan used during the field 
testing program. 
 
2.1 Accelerometers 
Uniaxial and tri-axial accelerometers were used in the field monitoring of both the 
new and existing light poles.  The accelerometers were manufactured by Crossbow 
Technology, model number CXL100HF3.  They are tri-axial accelerometers with an 
allowable input range of ±100 g and a frequency response range of 0.3 Hz to 10,000 Hz. 
 
2.2 Strain Gages 
Strain gages were installed on the prototype pole only.  Six gages were located 
around the perimeter of the pole, 4 inches above the shaft/base weld, oriented vertically. 
All strain gages installed in the field were produced by Measurements Group Inc. 
and were 0.25 in. gage length type LWK-06-W250B-350.  These are a uniaxial weldable 
resistance strain gage.  Weldable type strain gages were selected due to ease of 
installation in a variety of weather conditions.  The “welds” are a point or spot resistance 
weld about the size of a pin prick.  The probe is powered by a battery and only touches 
the foil that the strain gage is mounted on by the manufacturer.  This fuses a small pin 
size area to the steel surface. It takes forty or more of these dots to attach the gage to the 
steel surface.  There are no arc strikes or heat affected zones that are discernible.  There is 
no preheat or any other preparation involved other than the preparation of the local metal 
surface by grinding and then cleaning before the gage is attached to the component with 
the welding unit.  There has never been an instance of adverse behavior associated with 
the use of weldable strain gages including their installation on extremely brittle material 
such as A615 Gr75 steel reinforcing bars. 
These gages are a temperature-compensated uniaxial strain gage and perform very 
well when accurate strain measurements are required over long periods of time (months 
to years).  The gage resistance was 350Ω and an excitation voltage of 10 Volts was used.   
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2.3 Summary of Instrumentation 
 The following section summarizes the instrumentation plan. 
 
2.3.1 Existing Light Pole 
 Two tri-axial accelerometers were installed on the existing double-mast light pole.  
One accelerometer was placed at the tip of the cantilever adjacent to the luminaire, as 
indicated by the red box in Figure 2.1.  The orientation of the axes of the accelerometer 
are also shown in Figure 2.1. 
 
 
 
 
Figure 2.1 - Photograph showing location and orientation of the tri-axial accelerometer at 
the top of the existing median light pole. 
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A second accelerometer was placed near the base of the pole, 4’-6” above the roadway 
surface.  A photograph of this accelerometer is contained in Figure 2.2.  Again, the 
orientation of the accelerometer is indicated in the figure. 
 
 
 
Figure 2.2 - Photograph of tri-axial accelerometer at the base of the existing  
median light pole.  The accelerometer is located 4’-6” above the roadway 
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2.3.2 Prototype Light Pole 
Two tri-axial accelerometers were installed on the prototype light pole.  One 
accelerometer was placed at the tip of the cantilever adjacent to the luminaire, as shown 
in Figure 2.2.  A second accelerometer was placed at the base of the pole. 
Two separate setups were used for the field monitoring of the prototype pole.  The 
accelerometer at the tip of the cantilever was in place for both setups.  However, at the 
base, the accelerometer was moved.  For the first setup, the accelerometer was located  
4’-9” above the roadway surface as shown in Figure 2.3.  For the second setup, the 
accelerometer was moved to the orthotropic deck, immediately below the pole connection 
point (see Figure 2.4).  The orientation of the accelerometers at the three locations is 
indicated in Figures 2.2 through 2.4 
 
 
 
Figure 2.2 - Photograph of tri-axial accelerometer at the top of the prototype light pole. 
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Figure 2.3 - Photograph of tri-axial accelerometer at the base of the existing  
median light pole.  The accelerometer is located 4’-9” above the roadway 
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Figure 2.4 - Photograph of tri-axial accelerometer at the base of the prototype  
light pole.  The accelerometer is mounted to a stiffened steel angle which is wrench-
clamped to the orthotropic deck beneath the lamp pole 
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Furthermore, strain gages were installed at the 6, 9, 12, and 3 o’clock positions on 
the light pole column, near the base.  These gages were installed on the primary 
geometric axis of the light pole in order to measure primary bending stresses.  In 
addition, two gages were installed in line with the corners of the tapered base, on the 
tension side of the pole.  All gages were installed 4” from the pole-to-tapered-base 
junction.  These gages were connected for the second setup only.  A photograph of a 
strain gage mounted to the pole is contained in Figure 2.5. 
 
 
 
 
Figure 2.5 - Photograph of uniaxial strain gage mounted to the light pole,  
oriented vertically. (6 gages in total were installed) 
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2.4  Data Acquisition 
 Data were collected using a Campbell Scientific CR9000 Data Logger (see Figure 
2.6).  This is a high speed, multi-channel, 16-bit digital data acquisition system.  The 
sampling rate was 250Hz during all data collection.  In order to ensure a stable, noise-free 
signal, analog and digital filtering were employed.  A high-pass filter with a cutoff 
frequency of 50 Hz was utilized.  Power was provided on the bridge.  Remote 
communication from the ATLSS laboratories with the logger for data collection and 
program modifications was achieved through the use of a Cisco wireless network and 
high-speed internet connection. 
 
 
 
 
Figure 2.6 – CR9000 data logger used for the light pole monitoring.  The logger is 
mounted in a weather-tight enclosure attached to the floor beam. 
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3.0 Monitoring Program - Summary 
The monitoring program is summarized herein. 
 
3.1 Setup Description 
 As described above, two setups were used for data collection.  At the prototype light 
pole, the first setup consisted of one accelerometer located at the tip of the cantilever and 
one mounted to the pole 4’-9” above the roadway.  For the second setup, the lower 
accelerometer was moved to the connection point to the orthotropic deck.  The 
accelerometer was relocated to the base of the pole in order to more accurately measure the 
acceleration spectra input to the pole.  Furthermore, six strain gages were installed at the 
base of the pole for the second setup. 
 The instrumentation of the existing pole was the same for both setups, and consisted 
of one accelerometer at the tip of the west side of the double-cantilevered mast adjacent to 
the light, and one mounted to the pole 4’-6” above the roadway. 
 In order to assess the effect of natural wind in the area of each pole, wind speed and 
direction are recorded during the triggered time history events.  The average angle of the 
wind and wind speed are also recorded every five minutes. 
 
3.2 Data Collection 
 Both continuous and triggered time history data were collected during both setups.  
For the triggered time histories, data (strain, acceleration, wind speed and direction) were 
collected when the acceleration at a selected accelerometer exceeds a predefined level.  Data 
were then collected for a predefined period of time prior to and following the trigger event.  
Table 3.1 summarizes the data collected. 
 
 
Table 3.1 - Summary of data collected at Bronx Whitestone prototype  
and existing light poles  
*Filter cutoff frequency of 50 Hz was used 
 
 
 
File Trigger Total Sample Start End
Directory Length Length Rate* Time Time
(sec) (sec) (Hz)
/Mar 18/ END_ACC00.DAT 123.8 123.8 250 3/18/2003 12:42 3/18/2003 12:44
END_ACC01.DAT 10 228.3 250 3/18/2003 13:12 3/18/2003 13:43
MID_ACC00.DAT 123.8 123.8 250 3/18/2003 12:42 3/18/2003 12:44
/Mar 19/ END_ACC00.DAT 10 3574.6 250 3/18/2003 18:06 3/19/2003 7:50
MID_ACC00.DAT 10 9064.1 250 3/18/2003 17:57 3/19/2003 7:51
/Mar 20/ EDGE00.DAT 8 568.6 250 3/19/2003 17:42 3/20/2003 8:09
MEDIAN00.DAT 8 478.0 250 3/19/2003 17:43 3/20/2003 7:54
/Mar 28/ EDGE00.DAT 8 5704.8 250 3/20/2003 15:10 3/28/2003 11:48
MEDIAN00.DAT 8 1347.6 250 3/20/2003 15:02 3/28/2003 7:20
/Mar 31/ EDGE00.DAT 6 120.2 250 3/28/2003 17:22 3/31/2003 7:56
MEDIAN00.DAT 6 354.5 250 3/28/2003 17:28 3/31/2003 7:30
/April 4/ EDGE.DAT 6 432.6 250 3/31/2003 10:03 4/4/2003 8:45
MEDIAN.DAT 6 839.2 250 3/31/2003 10:12 4/4/2003 6:44
/April 8/ EDGE.DAT 6 324.4 250 4/4/2003 9:50 4/8/2003 8:41
MEDIAN.DAT 6 300.4 250 4/4/2003 9:37 4/8/2003 7:10
Setup No. 1
Setup No. 2
Field Instrumentation and Analysis of Prototype & Existing Light Poles on the Bronx-Whitestone Bridge 
FINAL REPORT 
 12
4.0 Results of Field Monitoring and Analysis 
The results of the field monitoring and finite element analysis are discussed in this 
section.  The results for each pole will be presented separately and then compared. 
 
4.1 Frequency of Response 
In order to assess the frequency response characteristics of the two poles, Fast 
Fourier Transforms (FFT) of selected data were created.  Ten time history records were 
selected from the triggered data for each pole during setup #1, and for the prototype pole 
during setup #2, for a total of 30 time histories.  Each time history consists of 1024 
records, for a total of 4.096 seconds at 250 Hz.  Each record represents a typical vibration 
event when the acceleration at the tip of the pole exceeded the predefined trigger level.   
Typically, these events lasted on the order of four seconds  Note that the number of 
records is a power of two as required by the FFT algorithm.  This yields a frequency 
increment of 0.244 Hz. 
For each channel of data, the average amplitude at each frequency of the ten 
records was calculated.  Using the results of these data, the fundamental frequencies of 
vibration and the magnitude of the vibration can be determined.  The results are presented 
below.  In all cases, vertical, transverse, and longitudinal vibration is referenced to bridge 
directions. 
 
4.1.1 Existing Lamp Pole at the Median 
Figures 4.1 and 4.2 contain the average FFT plots of 10 time history records from 
setup #1, at the top and bottom of the pole, respectively.  Figures 4.1a and 4.2a contain 
the acceleration spectra, while Figures 4.1b and 4.2b contain the displacement spectra.  
The displacement spectra is obtained by dividing each acceleration amplitude by 4π2f2.  It 
can be seen that the response at the tip of the pole is dominated by vertical response.  
Furthermore, the pole vibrates predominately at frequencies less than 70 Hz.  Each peak 
on the curve represents a different mode of vibration.   
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Figure 4.1a – Average FFT of acceleration response at tip of existing median light pole 
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Figure 4.1b – Average of displacement response at tip of existing median light pole 
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The response at the accelerometer located 4’-6” above the roadway is shown in Figures 
4.2a and 4.2b.  It can be seen that the vibration magnitude is significantly smaller at the 
base of the pole.  However, the same dominant frequencies are present.  The band of 
response is wider at the base due to the proximity to the attachment point to the bridge. 
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Figure 4.2a – Average FFT of acceleration response at base of existing median light pole, 
4’-6” above roadway 
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Figure 4.2b – Average FFT of displacement response at base of existing median light 
pole, 4’-6” above roadway 
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4.1.2 Prototype Lamp Pole 
Figures 4.3 and 4.4 contain the average FFT plots of 10 time history records for 
the accelerometer at the tip of the cantilever and 4’-9” above the roadway, respectively.  
Figures 4.3a and 4.4a contain the acceleration spectra, while Figures 4.3b and 4.4b 
contain the displacement spectra.  From Figure 4.3, it can be seen that the response of the 
pole is generally less than 50 Hz.  From the directions of the vibrations, knowing the 
geometry of the pole, and examining the frequencies and magnitudes in the FFT 
response, general conclusions can be drawn about the mode shapes that each peak 
represents. 
There are two primary modes of vibration, with additional harmonic modes of 
each.  The first mode is a transverse vibration mode, or “hatcheting” mode.  The second 
mode is a longitudinal or “torsional” mode.  In this mode, the column is loaded in torsion.  
The hatcheting modes are dominated by vertical and transverse response at the tip of the 
cantilever, while the torsional modes are dominated by longitudinal response at the tip of 
the cantilever.  Given this it can be seen that pairs of hatcheting and torsional modes are 
present in the frequency plot.  For example, the lowest hatcheting mode has a frequency 
of 4.4 Hz, while the lowest torsional mode has a frequency of 1.7 Hz.  The second modes 
are closely spaced at 14.4 and 14.9, for the hatcheting and torsional modes, respectively. 
The FFT indicates that the acceleration response at the tip of the light pole of the 
light pole is dominated by the third hatcheting and torsional modes of vibration (f=14.4 
and 14.9, respectively). 
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Figure 4.3a – Average FFT of acceleration response at tip of cantilever of prototype light 
pole 
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Figure 4.3b – Average FFT of displacement response at tip of cantilever of prototype 
light pole 
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Figure 4.4 contains the average FFT of the accelerometer located 4’-9” above the 
roadway.  It can be seen from this plot that the same peak response frequencies are 
present at this location.  However, several higher modes are evident.  Additionally, the 
magnitude of response is significantly less. 
It can also be noted that the 4.4 Hz mode is absent from this figure.  This could be 
due to the fact that the accelerometer may be located near a nodal point for that mode. 
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Figure 4.4a – Average FFT of acceleration response at base of prototype light pole, 
 4’-9” above roadway 
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Figure 4.4b – Average FFT of displacement response at base of prototype light pole, 
 4’-9” above roadway 
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Figure 4.5 shows the average FFT for the accelerometer mounted to the 
orthotropic deck directly below the connection to the lamp pole.  Figure 4.5a contains the 
acceleration spectra, while Figures 4.5b contains the displacement spectra.  This data was 
from setup #2 as described in Section 3.  It can be seen that the dominant frequencies of 
response at this location do not match those measured on the pole.  These frequencies 
represent the vibration of the bridge itself and is the vibration that is input to the pole. 
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Figure 4.5a – Average FFT of acceleration response at base of prototype light pole, at 
connection point to orthotropic deck 
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Figure 4.5b – Average FFT of displacement response at base of prototype light pole, at 
connection point to orthotropic deck 
 
 
 As described in Section 3, strain gages were added to the prototype pole.  Figure 
4.6 contains the average FFT plots for the six strain gages.  As shown in Figure 4.6(a), 
gages 2 and 4 exhibit peak responses for the torsional modes, while gages 1 and 3 exhibit 
peak response for the hatcheting modes.  Furthermore, maximum strain amplitudes are 
caused by the first mode response. 
 Strain gages 5 and 6 are plotted in Figure 4.6(b).  Since these gages are located on 
the 10 and 2 o’clock positions of the pole base, they measure strain caused by both 
hatcheting and torsional modes.  This is confirmed in the figure, as the response at both 
gages peaks at all frequencies. 
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(a) Gages 1 through 4 
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(b) Gages 5 & 6 
 
Figure 4.6 – Average FFT of vertical strain response at base of prototype light pole, 
 4 inches above the connection to the tapered base 
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4.2 Peak Response 
 In the following section, a summary of the peak observed response in both the 
median and prototype lamp poles is given.  Peak accelerations at both poles are given in 
Table 4.1.  Peak stresses measured in the prototype pole are summarized in Table 4.2. 
 It can be seen from Table 4.1 that at the base of the poles (4’-9” above the deck 
for the prototype and 4’-6” above for the existing), the accelerations are similar, however, 
the direction of maximum acceleration varies.  At the median, peak accelerations at the 
base occur in the transverse and longitudinal directions (0.41 g and 0.52 g respectively), 
while at the prototype pole, the peak acceleration occurs in the vertical direction (0.24 g). 
 The peak acceleration at the tip of the median pole occurred in the vertical 
direction (1.64g).  At the prototype pole, peak accelerations occurred in both the vertical 
and longitudinal directions (1.42 g and 1.44 g respectively). 
 
 
  Top Top Top  Bottom Bottom Bottom 
  Transverse Longitudinal Vertical Transverse Longitudinal Vertical 
  (g) (g) (g) (g) (g) (g) 
Median 0.41 0.61 1.64 0.41 0.52 0.10 
Prototype 0.44 1.44 1.42 0.11 0.11 0.24 
Prototype 
@ Bottom 
- - - 0.06 0.12 0.26 
 
Table 4.1 – Summary of peak observed accelerations at both light poles 
 
Table 4.2 shows the peak measured stresses in the light pole near the base.  
Typical strain time-history plots are presented in Figure 4.7. 
 
 
σ1 σ2 σ3 σ4 σ5 σ6 
(ksi) (ksi) (ksi) (ksi) (ksi) (ksi) 
1.42 1.20 0.92 0.85 1.20 2.20 
 
Table 4.2 – Summary of peak observed stresses at the prototype light pole 
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Figure 4.7 – Typical strain time-history plots for the six strain sensors mounted near the 
base of the prototype light pole 
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Each of the ten acceleration time-history records selected were numerically 
integrated twice (using the trapezoid rule) to determine displacement time-histories.  The 
mean, standard deviation, coefficient of variation, and peak value of the peak 
displacement of these histories for each orthogonal direction (relative to bridge 
directions) were determined and are presented in Table 4.3.  It can be seen that the 
maximum displacement amplitude was 0.81 inches in the longitudinal direction at the 
prototype pole.  Note that this does not represent the maximum for the entire monitoring 
period since only the ten selected acceleration records were integrated.  Furthermore, 
these displacements were determined using numerical integration and were not directly 
measured. 
 
Sensor     Standard     
Location Direction Mean Deviation COV Maximum 
    (in) (in)   (in) 
Median Pole Transverse 0.18 0.07 0.42 0.30 
Top Longitudinal 0.10 0.04 0.39 0.16 
  Vertical 0.09 0.03 0.32 0.13 
Median Pole Transverse 0.04 0.01 0.26 0.05 
Bottom Longitudinal 0.03 0.01 0.24 0.04 
(4'-6" above) Vertical 0.05 0.01 0.27 0.08 
Edge Pole Transverse 0.22 0.09 0.41 0.40 
Top Longitudinal 0.37 0.20 0.53 0.81 
  Vertical 0.23 0.08 0.36 0.36 
Edge Pole Transverse 0.03 0.01 0.37 0.06 
Bottom Longitudinal 0.08 0.04 0.47 0.14 
(4'-9" above) Vertical 0.05 0.01 0.24 0.07 
Edge Pole Transverse 0.03 0.01 0.35 0.05 
Base Longitudinal 0.03 0.01 0.22 0.05 
(@ deck level) Vertical 0.06 0.02 0.31 0.09 
 
Table 4.3 – Summary of peak displacements determined by integration of ten measured 
acceleration time-history records 
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Peak and average wind speed were recorded every 5 minutes for the duration of 
the monitoring period.  These data were reduced to determine the average and peak daily 
values, which are presented in Table 4.4.  It can be seen that the site consistently 
experiences peak daily wind speeds of over 30 mph.  However, the data appear to 
indicate that the response of the pole is dominated by traffic induced excitation, since 
maximum accelerations were observed during periods of both high and low wind speed. 
 
  Peak Average 
Date Wind Speed Wind Speed
  (mph) (mph) 
3/19/2003 25.2 8.8 
3/20/2003 34.2 11.7 
3/21/2003 35.7 7.9 
3/22/2003 29.2 11.2 
3/23/2003 27.8 9.9 
3/24/2003 19.9 6.0 
3/25/2003 23.7 10.2 
3/26/2003 32.7 5.1 
3/27/2003 25.4 7.0 
3/28/2003 21.7 4.9 
3/29/2003 42.3 12.0 
3/30/2003 37.5 11.2 
3/31/2003 37.9 14.6 
4/1/2003 30.5 8.5 
4/2/2003 32.7 6.4 
4/3/2003 23.5 8.9 
4/4/2003 30.7 11.9 
4/5/2003 27.8 8.3 
4/6/2003 37.0 12.2 
4/7/2003 42.5 15.4 
4/8/2003 39.9 17.2 
 
Table 4.4 – Summary of daily peak and average wind speeds recorded during monitoring 
period 
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4.3 Finite Element Analysis 
 The modal frequencies of a lamp pole can be estimated using a computer analysis.  
Models of both the prototype lamp pole (9’ cantilever) and the two proposed lamp pole 
designs (4’ cantilever with two different configurations) were created using the 
ABAQUS finite element code.   
 
4.3.1 Prototype Lamp Pole 
Figure 4.8 contains the undeformed view of the prototype lamp pole model.  The 
pole is modeled using beam elements with varying section properties to represent the 
tapered section.  The luminaire is modeled as a point mass with rigid constraints to 
connect it to the model. 
The mode shapes and frequencies are extracted using ABAQUS.  Figure 4.9 (a) 
through (d) contain the mode shapes and frequencies of the four lowest modes as 
determined by analysis.  It can be seen that these modes agree with the test data presented 
in Section 4.2.  All modes are either a harmonic of the “hatcheting” (transverse & 
vertical) mode or “torsional” (longitudinal) mode.  For example, mode 3 of Figure 4.9(c) 
is a harmonic of the hatcheting mode (the 2nd harmonic).  Mode 4 (Figure 4.9(d)) is the 
2nd harmonic of the torsional mode.  This can be further demonstrated by looking at 
Table 4.3 which shows that the modes exist in closely spaced pairs.  Each pair consists of 
a harmonic of both the hatcheting and torsional mode.   
Table 4.5 presents a summary of the modal frequencies for the first ten modes, 
and the participation factors for the three principal directions.  It can be seen from this 
table that the vertical and  transverse or “hatcheting” vibration modes are excited by base 
motion in both the transverse and vertical direction, as expected.  However, longitudinal 
or “torsional” vibration modes are excited by longitudinal bridge motion only.  
Field Instrumentation and Analysis of Prototype & Existing Light Poles on the Bronx-Whitestone Bridge 
FINAL REPORT 
 27
 
 
Figure 4.8 – ABAQUS model of the prototype pole.  The luminaire is modeled as a point 
mass of 60 lb. 
 
 
 (a) f=1.79 Hz (b) f= 1.91 Hz 
 
Figure 4.9 – Lowest four modes of vibration for the prototype pole as determined by 
ABAQUS.  The undeformed pole is shown in blue 
W = 60 lb 
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 (c) f = 4.82 Hz (d) f= 5.85 Hz 
 
Figure 4.9 cont’d – Lowest four modes of vibration for the prototype pole as determined 
by ABAQUS.  The undeformed pole is shown in blue 
 
 
  X Y Z 
Mode Freq. Component Component Component 
No. (Hz) (Trans) (Vert) (Long) 
1 1.79 0.000 0.000 1.338 
2 1.91 0.856 -0.418 0.000 
3 4.82 0.932 0.665 0.000 
4 5.85 0.000 0.000 0.810 
5 17.06 0.582 0.007 0.000 
6 17.74 0.000 0.000 -0.751 
7 35.84 -0.578 0.273 0.000 
8 35.86 0.000 0.000 0.593 
9 62.55 0.000 0.000 -0.504 
10 62.82 0.5295 0.094 0.000 
 
Table 4.5 – Summary of modal frequencies and participation factors  
for the prototype (9’ cantilever) light pole analysis 
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4.3.2 Proposed Lamp Pole No. 1 
Figure 4.10 contains the undeformed view of the prototype lamp pole model (4’ 
cantilever).  This pole is similar to the prototype pole.  A similar 16-sided tapered pipe 
section is used for the pole.  However, the base of the pole is welded directly to the 
baseplate (the prototype pole had a tapered base).  Furthermore, the cantilever over the 
roadway is only 4’.  The luminaire is 30’ above the roadway.   
The pole is modeled using beam elements with varying section properties to 
represent the tapered section.  The luminaire is modeled as a point mass with rigid 
constraints to connect it to the model. 
Figure 4.11 (a) through (d) contain the mode shapes and frequencies of the four 
lowest modes as determined by analysis.  The general behavior of this pole is similar to 
the prototype pole, however the vibration frequencies are different. 
Since we do not have measured data for this pole, further analysis is required to 
estimate the behavior of this pole.  However, in order to avoid potential vibration 
problems, it is desirable that the natural frequencies of pole not match those of the bridge 
at the connection point.  It can be assumed that the vibration of the bridge is unaffected 
by the presence of the light pole.  Therefore, the vibration measured at the base of the 
prototype pole can be used to estimate the input spectra.  This is contained in Figure 4.5.  
From this figure, it can be seen that the frequencies of the light pole that should not fall 
within a frequency range of 10 to 15 Hz, particularly those which are excited by vertical 
excitation.  An additional frequency to avoid is 2 Hz vertically since this is also 
predominant frequency of vibration of the bridge.  Resonance can occur if the natural 
frequencies of the light pole coincide with those of the bridge. 
Table 4.6 presents a summary of the modal frequencies for the first ten modes, 
and the participation factors for the three principal directions.  Again, the behavior is 
similar to the prototype pole.  It appears that the pole does not have vibration frequencies 
in the range of 10 to 15 Hz, however, there is inherent uncertainty in such an analysis and 
therefore the design should be further studied to preclude detrimental vibration. 
 Mode 2 appears to match the vertical 2 Hz vibration measured at the base of the 
pole.  To move the pole off this peak, either the luminaire mass can be decreased, or the 
pole can be stiffened. 
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Figure 4.10 – ABAQUS model of the proposed pole No. 1 (4’ cantilever).  The luminaire 
is modeled as a point mass of 35 lb. 
 
 
 
 
 
W = 35 lb 
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 (a) f = 2.31 Hz (b) f = 2.36 Hz 
 
 
 (c) f = 7.41 Hz (d) f = 7.68 Hz 
 
Figure 4.11 – Lowest four modes of vibration for the proposed pole No. 1 as determined 
by ABAQUS.  The undeformed pole is shown in blue 
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    X Y Z 
Mode Freq. Component Component Component 
No. (Hz) (Trans) (Vert) (Long) 
1 2.31 0.000 0.000 1.446 
2 2.36 1.266 -0.203 0.000 
3 7.41 0.882 0.752 0.000 
4 7.68 0.000 0.000 -0.641 
5 16.55 0.545 -0.231 0.000 
6 17.19 0.000 0.000 -0.857 
7 37.98 -0.505 -0.056 0.000 
8 38.71 0.000 0.000 0.582 
9 68.70 0.380 0.086 0.000 
10 69.03 0.000 0.000 -0.475 
 
Table 4.6 – Summary of modal frequencies and participation factors  
for the proposed light pole No 1 analysis 
 
4.3.3 Proposed Lamp Pole No. 2 
 In order to preclude the possibility of resonant response, due to the fact that the 
dominant frequency of vibration of the proposed lamp pole No. 1 is close to that of the 
bridge supporting it, the pole was redesigned with a larger diameter tube.  The pole 
consists of a hexdecagonal (as before) straight shaft with a outer diameter varying from 
14 1/2 inches at the base to 5 1/4 inches at the top, and a constant wall thickness of 1/4 
inches.  The mast is a 4 foot 7 1/2 inch 11 gage pipe section with an outer diameter 
varying from 3.42 inches at the pole to 2.86 inches at the tip.  The luminaire weight was 
kept the same at 35 pounds.  An undeformed view of the finite element model of 
proposed lamp pole No. 2 is shown in Figure 4.12.  An elastomeric laminated fabric pad 
(Fabreeka brand) is to be installed between the lamp pole base plate and the orthotropic 
deck.  It should be noted that the use of the pad will likely degrade the fatigue 
performance of the bolts used to secure the pole to the deck.  This pad is designed to 
dampen shock and vibration.  However, it will make the system slightly more flexible.  
This was taken into account through the use of two rotational springs added to the model 
that act about the longitudinal and transverse axes (see Figure 4.12).  The stiffness of 
these springs was determined to be 163,600 k-in/rad using hand calculations. 
Figure 4.13(a) through (d) contains the mode shapes and frequencies of the four 
lowest modes as determined by analysis.  The general behavior of this pole is similar to 
the prototype pole, however the vibration frequencies are different. 
Table 4.7 presents a summary of the modal frequencies for the first ten modes, 
and the participation factors for the three principal directions.  Again, the behavior is 
similar to the prototype pole.  The primary vibration frequencies (modes 1 and 2) have 
been raised from the 2 Hz range to 3.3 Hz.  This is beneficial as these frequencies are 
separated from the primary vibration frequency of the bridge which is in the 2 Hz range.  
Furthermore, there are no modes with frequencies of between 10 and 15 Hz, which is also 
desirable. 
Field Instrumentation and Analysis of Prototype & Existing Light Poles on the Bronx-Whitestone Bridge 
FINAL REPORT 
 33
It should be noted that these analysis are simply modal analyses and therefore do 
not account for any damping in the system.  Modal analysis does not provide any 
predicted magnitude of response.  It does provide the displaced shape of the primary 
modes of response, and the frequencies of these modes.  In order to predict the magnitude 
of response to a given excitation, time-history analysis can be performed.  The additional 
structural damping provided by the Fabreeka pad, though not accounted for in these 
analyses, will certainly improve the vibration response of the pole, since these poles 
possess little structural damping. 
 
 
Figure 4.12 – ABAQUS model of proposed pole No. 2 (4’-7” cantilever).  The luminaire 
is modeled as a point mass of 35 lb. 
W = 35 lb 
kθx kθz 
Field Instrumentation and Analysis of Prototype & Existing Light Poles on the Bronx-Whitestone Bridge 
FINAL REPORT 
 34
 
 (a) f = 3.34 Hz (b) f = 3.38 Hz 
 
 
 (c) f = 8.77 Hz (d) f = 8.83 Hz 
 
Figure 4.13 – Lowest four modes of vibration for proposed pole No. 2 as determined by 
ABAQUS.  The undeformed pole is shown in blue 
Field Instrumentation and Analysis of Prototype & Existing Light Poles on the Bronx-Whitestone Bridge 
FINAL REPORT 
 35
 
    X Y Z 
Mode Freq. Component Component Component 
No. (Hz) (Trans) (Vert) (Long) 
1 3.34 0.000 0.000 1.730 
2 3.38 1.554 -0.092 0.000 
3 8.77 0.000 0.000 -0.805 
4 8.83 0.828 0.673 0.000 
5 16.46 -0.746 0.119 0.000 
6 18.10 0.000 0.000 -1.138 
7 40.17 -0.473 -0.016 0.000 
8 43.12 0.000 0.000 0.718 
9 76.92 0.405 0.039 0.000 
10 79.28 0.000 0.000 -0.743 
 
Table 4.7 – Summary of modal frequencies and participation factors  
for the proposed light pole No. 2 analysis 
 
4.4 Conclusions 
 The following conclusions can be drawn from the results presented above. 
 
1. The vibrations at the base of the existing light pole (4’-6” above the roadway) and 
the base of the prototype light pole (4’-9” above the roadway) are comparable. 
2. Peak accelerations as the base of the median pole were on the order of 0.5 g 
longitudinally. 
3. Peak accelerations at the base of the prototype pole were on the order of 0.25 g 
vertically. 
4. Peak accelerations at the tip of the median pole were on the order of 1.6 g 
vertically. 
5. Peak accelerations at the tip of the prototype pole were on the order of 1.4 g 
vertically and longitudinally. 
6. The third hatcheting and torsional modes of the prototype pole appear to produce 
the highest accelerations at the luminaire. 
7. Maximum measured stress in the prototype pole was 2.2 ksi. 
8. Peak displacements determined numerically from the 10 selected acceleration 
records were 0.81 inches longitudinally for the prototype pole and 0.3 inches 
transversely for the median pole. 
9. Vibration of the poles appears to be dominated by traffic induced excitation. 
10. Proposed poles should avoid natural frequencies in the 2-2.5 Hz and 10-15 Hz 
ranges. 
11. Proposed light pole No. 1 had some vibration modes that may match those of the 
bridge. 
12. Proposed light pole No. 2 appears to have vibration modes which are separated 
from those of the bridge. 
